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INTRODUCTION

The Animal and Plant Health Inspection Service(APHIS) of the
United States Department of Agriculture (USDA) has received
applications for field testing of transgenic plants on a perfor-
mance evaluation scale and/or under unconfined conditions.
There will also be requests for exemption from the uspa
regulatory review process based upon data and experience
accumulated from small-scale field tests that have been done
& part of the commercialization process. The evaluations of
these applications will focus specifically on environmental
issues, especially those that may be presentin the United States
with transgenic plants that can be wind or insect pollinated.
The scientific principles used for evaluating transgenic crop
plants will be based on the experiencegained from traditional
breeding.

Toidentifytheappropriateissuestobe addressedinanalysis
of field tests or exemption requests and also areas of uncer-
tainty, USDA-APHIS has sponsored ar is planning several con-
ferences and workshops. The Workshop on Safeguards for
Planned Introduction of Transgenic Oilseed Crucifers was
held for one day in conjunction with the Sixth Crucifer
Genetics Workshop, held at Cornell University on October 6
through 9. 1990. The other workshops will include corn/wheat

in December of 1990, potatoin Augustof 1991. and rice inthe

spring of 1992
The 23 invited panel members of the oilseed crucifers

workshop represent several areas of expertise including

agronomy, behavioral biology, cell biology, ecology, ento-
mology, genetic resources. molecular biology, plant breeding,
plant pathology, pollination biology. seed physiology, and
weed biology. They included representatives from academia,
government.,industry ,and public interestgroups. In addition,
almost seventy observers from countries including France,

Belgium. Canada. Thailand. the United Kingdom. and Japan

were present.

The scientific discussion during the workshop wes for the
following purposes:

1. toidentifythe potential forgene movementtowild relatives
and/or non-engineered oilseed crucifer cultivars,

2. todeterminethe possiblenegativeor neutral consequences
of genetransferand/or expressionfromoilseedcruciferson
agriculture and the environment. and

3. to recommend specific physical. temporal, or biological
safeguards for such consequences, if appropnate.

A partial transcript of the workshop was mede.
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ExXECUTIVE SUMMARY
WORKSHOPON SAFEGUARDSEOR PLANNED INTRODUCTION OF
TRANSGENICOLSEED CRUCIFERS

ItHaca, NY Ocr. 9,1990

Introduction

Theanticipatedlargescale, plannedintroductions of transgenic,
oilseed crucifers (Brassica sp.) offer opportunities and chal-
lenges not dealt with before in modem. agricultural biotech-
nology.

Within the last few years, selectoilseed crucifers, in particu-
lar the oilseed rape known as canola, have become crops of
enormous agricultural potential. This crop’slevel of saturated
fatty acids is the lowest of all vegetable oils, with a large
fraction of its unsaturated fatty acids consisting of
monounsaturated fatty acids: it yields more oil per acre than
soybean;and, as a cool season annual, is an attractive winter
crop in the mid-south and, in more northerly areas. is an
attractive spring-sowncrop.

Yet, despite theseatuactivequalities,brassica oilseeds have
distinguishingfeaturesthat suggest that larger-scalefield trials
of transgenic plants must be preceded by review. Unlike other
transgenicspecies currently being considered for field trials in
the United States. suchas tobaccoandtomato, many brassicas
outcross readily, and they grow in proximity to a number of
cross-hybridizing wild, weedy relatives.

Therefore, introduction of transgenic brassica species into
the field should include an assessment of the potential for
inadvertenttransfer and expression of recombinant genes into
the Same or related species, and the possible risks associated
with such transfer. Moreover, identification of such biosafety
issuesshouldbe made inadvance ofthe planned introductions,
if public trust is to be maintained and to avoid potential
problems.

As an early step toward dealing with these issues, a con-
ferenceon “Safeguardsforthe Planned Introductionof Trans-
genic Oilseed Crucifers” was held on October 9, 1990 at
Cornell University,Ithaca, N.Y ., inconjunctionwith the Sixth
Crucifer Genetics Workshop.

The conference sought to:

« identify the potential for gene movement to wild relatives
and/or non-engineered oilseed crucifercultivars,

* determinethe possible negativeor neutral consequencesof
gene transfer and/or expression from oilseed crucifers on
agriculture and the environment, and

« recommend specific physical. temporal or biological safe-
guards for such consequences, if appropriate.

The conference format included formal presentations fol-
lowed by general questions and discussion. The conference
chairman, Dr. Robert Goodman, guided the group to consen-
sus on some, but not all. issues.

Because of worldwide interest in the oilseed crucifers, the
workshop drew about 70 participants. including substantial
numbers from France, Thailand, Belgium and Canada. Scien-
tists from Belgium and Canadadiscussed data on field trials of
transgenic oilseeds made during the past few years. Therewas
a strong sense of international cooperation, which included
efforts to share data and harmonize approaches. Overall, the
participants were divided among industry, academe, govern-
ment, and public interest groups, and included laboratory and
field researchers, legal specialists, independent agricultural
consultants, government regulators and environmentalists.
Moreover. the conferencewas characterized by an expanded
dialoguebetween researcherswith basic and applied interests.
During the opening session on gene transfer, for example,
biologists developing mathematical models, experts on pesti-
cide applications, and scientists studying honeybee behavior
shared their very different perspectives. Such open inter-
change allowed the group to offer suggestionson the manage-
ment of planned field trials of select transgenic brassica
species. Moreover, the wide-ranging discussion allowed the
expressiondf a great variety of individualconcerns. Thus, this
summary appears conservative compared with the tone of the
workshop as it distillsand focusses on these concerns.

Part | Gene Transfer

Modem analyses of gene transfer benefit from decades of
experiencein developing pedigreed seedlines. in thecourse of
building such seed lines, breeders had to establish field proto-
colsthat took intoaccount the patterns of pollen dispersal and
intra- or interspecific crossing, in order to minimize contami-
nation of the desired gene pool. Technigqueswere developed
for monitoring pollen dispersal, fertilizationand the develop-
ment of viable seed. This methodology,originally developed
to measure genetransfer andassuregood seed yield in classical
plant breeding programs, has offered avaluable tool to assess
gene transfer from transgenic species.




Several research groups, in Belgium. Canada, France and
the United Kingdom have already completed field trials that
usesuch techniques toquantify gene transfer between transgenic
brassica species.

During the 1970’s, before the era of transgenic crops, R.
Keith Downey. of the Agriculture Canada Research Station.
Saskatoon. setan early standard forassessinggene transfer on
the major, commercial oilseeds. He determined that the level
of pollen contaminationfrom commercialrapeseed fieldsonto
46 meter square isolation plots, located 46. 137. and 366
meters distant was 2.1, 1.1, and 0.6 percent. respectively. for
the self-fertile B. napus species. In parallel experiments. the
pollen of the self-incompatibleB. campestris (@@B. rapa)
traveled further, withcontamination levelsof 8.5, 5.8, and 3.7
percent. No border effects were detected, nor was the level of
contamination affected by the orientation of the isolation
blocks to the source of contamination.

A conclusion from these studies was that although a large
fraction of pollen fallsto the ground within a few meters. under
favorableconditionspollen can move long distances by insect
and/or wind transportation.

Studies of pollen movement alone, however, offer only a
partial picture of gene transfer. Gene transfer can be assessed
more accurately by considering the series of hurdles pollen
must pass to successfully transmit genetic material, including:
travel of pollen to a flower; effective fertilization; the produc-
tion of viable seed; the resulting plant reaching reproductive
age. and. finally, being fertile.

During the late 1980's, Downey probed gene transfer in
brassica speciesin this fuller context. Reciprocal interspecific
crossesbetween commercialoilseedcruciferspecies B.napus,
B. juncea were easily achieved in the greenhouse and under
field conditions. This suggested gene transfer is possible
among these speciesof crucifer. Tolerance to an herbicidewas
the marker in these studies.

Of special interest were interspecific crosses with the im-
portant weed, wild mustard (Sinapis arvensis, aka B. kaber).
When this specieswas reciprocally crossedwith B. campestris,
and B. napus, no hybrid seeds were obtained, even though
pollinations were made on emasculated buds in favorable
greenhouse conditions. Also, no hybrid was obtained in the
cross S. arvensis X B. juncea, although the reciprocal cross
produced 2.5 hybrid seeds per 100 bud pollinations.But the F1
plants of this cross were largely male sterileand set no seed on
self or open pollination. Moreover. when the F! plants were
back-crossed to B. juncea, only one non-viable seed was
produced in 1.003pollinations. Also, in 881 backcrossesto S.
arvensis, one seed was obtained, but the plant resulting from
this seed was sterile.

Downey concluded from these trials that, “gene transter to
S. arvensis (wild mustard) from the three major crops (8.
napus. B. campestris.and B. juncea)was not achieved even
under the most favorable conditions, and no hybrids were
identified from natural crossingsof the specieswhen they were
co-cultivated in field plots over a three-year period.”

However. when B. nigra and S. arvensis were crossed.
hybrid seed were readily obtained when B. nigra was the

female. To a lesser degree. when the reciprocal crosses were
made. hybrid seeds were readily obtained. This suggests that
B. nigra may serveas a bridge between some cultivated and
weedy brassica species.

Downey discounted the possibility that B. nigra serves as
such a bridge in western Canada. noting that B. nigra is not a
common weed. is rarely found in association with cultivated
Brassica species and is. therefore. not considered a serious
threat. In eastern Canada. where B. nigra is found in the Great
Lakes region, it has a small distribution on waste sitesand is
rarely found with cultivated fields.

Another recent effort to probe gene transfer in brassicashas
been funded by the European Community and the United
Kingdom at field sites in France, Belgium and the United
Kingdom. and was reported by Willy de Greef, of Plant
Genetic Systems(PGS),Belgium. In 1989 circularfieldswere
set out. 100 meters in diameter. with a three meter diameter
source of brassicas plants transformed for tolerance to the
herbicideglufosinate. Theresearchersfound amassivedropin
pollen density closeto the source, with all outcrosses found 12
meters or less from the source of pollen. They also identified
several flaws in the experimental design, which are being
corrected in preparation for the next round of experiments. In
particular. the pollen source is being expanded to nine meters
in diameter and sampling sites are being moved closer to the
source of pollen. Additional strong, selectable markers that
allow easy identification of low frequency events are still
being sought. de Greef stressed the need to determine and
study the key environmental parameters that are most critical
to determining pollen transfer among brassicas and related
genera. These parameters may include richness of pollen
source. weather, efficiency of insect pollinators, and others.

Yet anotherapproachto assessing gene transfer, offered by
Robin Manasse of the University of Washington, is math-
ematical modeling for prediction of gene spread. Such studies
have helped to verify that pollen travel falls off exponentially
from the source.

An advantage of such a modeling strategy is that it allows
improvedunderstanding of pattern and dynamics. ltalsooffers
astrategy for going beyond the restricted results of individual
studies. But this method for describing gene flow, which
begins with painstaking field work and extends the data via
mathematical approaches, is still very much at the initiation of
asteep learning curve. The initial modeling equationsconsid-
ered only a homogenous environment. which bears limited
resemblance to the natural world, but such studies are now
being expanded to consider heterogenous situations. A major
challenge for development of a more complete model of gene
transfer is deciding what aspects of the environment, such as
the effect of surrounding vegetation on pollinator behavior, or
weather, are most critical to the model. These parametersthen
need to be studied on their own, in some detail. before they can
be usefully incorporated into a model of gene txansfer.

These various approachesto the study of gene transfer will
eventually change the disciplinefrom adescriptive science, to
a manipulative one. to a more predictive one. However. some
key issues must be dealt with before this goal can be realized.




The need to study gene transfer under relevant conditions
was mentioned repeatedly. In particular. there is a need to
betterunderstand those key contextual factorssuchasweather.
pollinator behavior. local topography or cropping patterns.
that most influence gene flow among brassica species. They
must be identified first, and then studied.

It was also suggested that a better understanding is needed
of the importance of scale in experimental design. In particu-
lar. the factors determining the scale an experiment must be
carried out on, to yield meaningful data. are unclear. The
problem is especially timely as researchers move from small
scaleto larger scalefield trials. Keith Downey articulated this
concern in his comment thet,“...there is an areaof uncertainty
astothe controls that may be imposedaswe move from testing
in an isolated transgenic block to cooperativeyield trials or to
field-scale multiplications for pilot plant extraction and prod-
uct evaluation.”

Most important, studies of gene transfer among brassicas
have an added complexity because these species outcross
easily. In the past, most studies of gene transfer focused on
gene exchange among species within the same genus. Now.
with the brassicasas crops of interest, researchers must survey
gene exchange among species of related but different genera
(¢.g. Sinapis. Raphanus and Eruca). ltwasagreed by most that
with larger-scalefieldtrials, genetransferout of the test species
will happen.

There was consensus that the study of gene transfer in
oilseeds should not focus on whether or not genes from
transgenic species would move out; but rather, the study
should focus on the conditions under which transfer and
expression occur, and what are the consequences of these
events.

Summary Section | - Gene Transfer

* Protocols that have been developed to establish pedigreed
seed linescanbeadaptedto assess genetransferintransgenic
species.

* Field studies of gene transfer are being extended through
mathematical models.

« The oilseed crucifers are highly outcrossing crops.

« In larger-scale field trials of transgenic brassica species,
gene transfer out of the test species to wild or weedy
relatives is likely to happen.

Part II Consequences of Gene Transfer

The classical approach toward risk assessment involves con-
sideration of risk as the product of the probability of hazard
times the probability of exposure (r=h*e). As applied to
evaluation of field introductionsof transgenic oilseed cruci-

fers, risk is equal to the product of the probability that a gene
will cause problems (h), and the probability that a gene will
escape from intended locations to sites where it can cause a
problem (e). Thisapproach is a favored first step to analyzing
the consequences associated with unintended gene transfer
since it uses established methods, is potentially quantitative,
andassumesthat a complex problem can be brokenintosimple
segments.

In analyzing the r=h*e equation. the exposure component
wasjudged to be the more manageable variable. For transgenic
crucifers used only for their vegetative parts, exposure and
gene transfer could be prevented by introducing systems that
could prevent productionof fertile flowers. But for transgenic
crucifersvalued for their seeds, such effortswould be worth-
less. Still, exposure can be managed somewhat by releasing
plants that can be cheaply and, most important. efficiently
eliminated to prevent carryover growth the next growing
season.

Most of the discussion, however. focused on analysis of the
“h” component of the equation. The possibilities for “hazard”
that received the most attention were weediness, herbicide
tolerance, disease resistance. and insect resistance. Loss of
diversity and potential contamination of the gene pool were
also mentioned as possible hazards.

A risk analysis of those genes that determine such traits
requires knowledge of the genesin question, their origin, how
the gene products behave, their mode of action (e.g.interaction
with genetic regulators), estimation of their behavior if es-
caped and, most important, assessment of fitness within a
range of environments. At the next level, a description of the
species that may be affected by such genes, how these species
respond, and the resulting environmental changes, including
those affected by scale, may beneeded. Unfortunately, dataare
scarce or absent for many of these concerns. especially those
thatareecologicalincharacter. Most conferees agreed with the
advice of Robert Bernatzky, Massachusetts Agricultural Ex-
periment Station, Amherst. thet. “It would be prudent to invest
in seriousimpact studieson the effects such (selecttransgenic)
genes would have on competitive ility prior to large scale
growing of transgenic plants.” Assessments of specific
transgenes in particular plants, in select geographic settings,
were called for repeatedly.

Moreover, the value of historical experimental data was
stressed. It was noted that information about the transfer of
select traits. such & seed quality and pest resistance, from
traditionally bred crops to wild species, may be available in
existing plant populations in Canada, wheresignificantchanges
in the types of rapeseed grown have occurred over the years.

Severalideas were offered to establisha theoretical frame-
work that could guide new field experiments. Such a frame-
work might focus efforts and give increased meaning to a
series of costly empirical trials.

Kathleen Keeler. University of Nebraska, called attention to
an ecological principle of population regulation which, she
says,“...has worrisomeimplicationsforthereleaseoftransgenic
crops.” Keeler says that many of the genes that can be
effectively transferred to plants, and that show economic




potential. are genes which offer biotic resistance. that is,
resistance to other organisms, including herbivores or patho-
gens. Ecologists agree that such biotic interactions can and
sometimes do limit plant numbers. If biotic interactions—
competitors, pathogens or herbivores —keep a plant relatively
rare, and it becomes resistant to such biotic interactions, more
seeds will be set and the numbers might rise to where it
becomesaweed. Therefore.changesin biotic interactionscan
cause weed problems. This basic principle of population
control suggests that all transgenes that alter a plant’s biotic
interactions have the potential for increasing its weediness.
This says Keeler, “..means that transgenes for herbicide
resistance. insectresistance. and disease resistanceall have the
potential for causing weed problem.”

Another effort to establish a framework for judging the
outcome of the r=h*e equation involvesclassifyingthe risk of
transgenesinto several categories: high fitness. forthosegenes
that endow a plant with some broad-based defensive quality,
such as insect or disease resistance, and would persist a long
time: moderate fitness, forthose genesthat endow a plantwith
a quality or value in a special setting, such as herbicide
tolerance or altered biochemical composition: and low fitness,
for those genes, such as male sterility, that would handicap a
plant and have low persistence in the gene pool. Moreover,
consideration must be given to recessive genes that may be
hidden in a population indefinitely,but not permanently.

However, despite the desire to developa schemethat could
impose some order on risk analysis. there was general agree-
ment that the process was fraught with pitfalls. Said Thomas
Mitchell-Olds, University of Montana, “We can generalize,
but the specifics matter. If asked to rank the issues. the
secondaryor unintended effects may often prove those of most
concernbecause their effectswill be unexpected.” And Keeler
noted, “it is impossible to give a blanket exemption for any
trait. however, because somewhere. there is an environmentin
whichthis(trans)gene raises the fitness of aweed...Nevertheless.
she added, “many genes can be agreed to be benign in real
world environments,especially after a few experimentson the
behavior of the transgenic phenotype.”

With this is mind, some agreement was reached on the
relative risks of various transgenes. There was no agreement
that asingletrait presented the greatest risk. Rather, there was
agreement that a cluster of traits, including the weediness of
plants that could receive a transgene. as well as transgenes for
disease. insect. and herbicide resistance. merited special atten-
tion.

Possibly the most frequently voiced concern. although it
was far from unanimous, was that the field production of
transgenic crucifers might result in the creation of a new
seriousweed or increase the aggressiveness of existingweeds.
that is. those plants that interfere with human activity. A third
possibility isthat cultivatedtransgenicoilseeds might turn into
weeds themselves. This is a special concernin Europe. where
volunteer, winter B. napus is becoming increasingly persistent
along roadside medians. In the United States,B. rapa isalsoa
common weed and B. napus is becoming so in broad-leaved
crops in the northwest.

A suggested first stepin analysis of the risk of weediness is
to assesswhether there is a manageable or acceptable level of
weediness. Putanotherway,does a particular transgenechange
a brassica plant to create a weed worse than one that already
exists? This analysis is not easy, says Kathleen Keeler, since,
“It may depend on the (contextof the)situation.” Sheconsiders
the following example. Weedy brassica populations With
naturally occumng toleranceto the herbicide triazine exist. A
crop with these same exact herbicide resistances, growing in
the area where naturally occurring resistant brassica popula-
tionsare found. will pose no additional problem toagriculture.
However. in areas where weedy brassica populations occur,
but not triazine resistant ones. the appearance of triazine-
tolerant. weedy brassicas could pose a hazard to agriculture, if
triazines are used.

Otherexampleswere given of how thecontextofa situation
can affect a plant’s ability to become a weed. For example,
weeds prosper in disturbed environments. such as roadsides,
arable fields and footpaths. Therefore, the tendency of a
transgenic crucifer to become weedy may depend on the
availability of such disturbed settings.

However, in the absence of a theoretical framework for
describing how context could affect a plant’s proclivity to
weediness, a series of experiments, specific to organism and
situation,was recommended. A preeminentcontextualissueis
whetherwild relatives grow in the range where the transgenic
crop will grow. The formulation of ecological maps tet
describe the range of such relatives was recommended.

Several other generalizations emerged from the discussion
on weediness. For example, of the limited evidencecollected
to date. no genetically modified organism has been known to
become weedy by gaining traits such & herbicide or pest
resistance. Also, since most domesticated hybrids are less
vigorousthan the wild type (the emphasisin plant breeding has
been on those traits that coincidentally reduce fitness in the
wild),suchcropsareunlikely to degenerateintoweeds follow-
ing further genetic manipulations. Finally, it was noted that
most weeds have a mix of traits that define their aggressive-
ness. On the other hand, most transgenic plants have only one
or a few modified traits. Still. there is the possibility that the
genetic modification of only a few, select traits, such as seed
dormancy, could enhancea plant’s ability to become a weed.

The developmentin someweed speciesof cross resistance,
where asingle genetic changeresults in toleranceto more than
one herbicide. or multiple resistance. where two or more
distinct genetic changes result in tolerance to more than one
herbicide. were other frequently mentioned possible hazards
of field scale trials of transgenic oilseeds. David Astley,
Horticultural Research International, Warwick, United King-
dom, noted that a variety of commercial companies are devel-
oping cultivars of the same crop that have insensitivity to
different herbicides. Over time. this effort could yield an
additiveeffect.leading to weed populationswith a multiplicity
of resistances. Several speakers were uncertain as to whether
select herbicide resistances conferred greater or lesser fitness
onaplant. Again, experimental trials, specific totrait.crop, and
environment. were advised.




There was a lack of consensus on the importance of insect
resistance as a hazard. Insect resistance is rarely a single trait
and, therefore, blanket generalizations are difficult to make.
Willy de Greef noted that no single strain of Becillus
thuringiensis (Bt) can affect a whole order of insects. More-
over, so far, no research group has attempted to insert various
Bt genes into a single plant variety because it would be ahuge
metabolic drain on the plant. On the other hand, some partici-
pants agreed with Kathleen Keeler’s assessment that all
transgenes that alter biotic interactions have a potential for
being hazardous.

The judgment on whether disease resistance presents a
serious potential hazard was similarly divided. Like insect
resistance. disease resistance may not be a single trait, and
subtleties about the mechanisms of disease resistance can
determine the scopedf the hazard. Yet, like insect resistance.
disease resistance is a biotic trait and alteringit may release a
plant from natural checks. It should be'noted. however. that
plantbreeders have been transtferring disease resistance genes—
fromwild relativestocultivatedcrop species—for generations
with no known adverse affects.

Most changes in plant composition. such as lipid composi-
tion or quality, and protein or fiber composition, were judged
low risk, with one exception. Such changes might alter a
plant’s palatability to pests and this. in tum. could alter its
fitness. Again, specific tests were called for.

A number of other risks were of parucular concern to some
speakers. For example, David Astley stressed that increased
use of transgenes in the field should encourage those who
maintain and monitor gene banks to take special precautions
that such banks are not contaminated. Rebecca Goldburg, of
the Environmental Defense Fund, said the development of
crucifersthat tolerateand therefore encourageuse of environ-
mentally damaging herbicides. such as atrazine, would be
undesirable. Jane Rissler, National Wildlife Federation. sug-
gested thata general hazardassociated with the widespread use
of transgenic plants is reduced diversity. However, others
noted that managementprocedures. which encouragevariabil-
ity in planting schemes, are available for minimizing this
potential problem. Ona related subject,Ralph W.F. Hardy, of
theBoyce Thompson Institutefor Plant Research. Ithaca. New
York, said that variousrisks, suchas increasedvulnerability to
pathogens, arise in a few cases when highly advantageous
genotypes are used continuously and exclusively, such as
Texas male sterile cytoplasm corn. But. he suggested. that
coordinated efforts to maintain non-exclusivity in the use of
advantageous genotypes can avoid such problems. “We must
be insightfulat the producer level and implementthe appropri-
ate management procedures.” he said.

Summary Section II - Conseguences

* The classical approach to risk assessmentinvolves evalu-
ating the product of likelihood of hazard times likelihood
of exposure (r-h*e).

* Theoretical guidelines are available for designing field
experiments to test the consequencesof gene transfer.

* The hazard mentioned most often was weediness. How-
ever. there was no consensus on a single, preeminent
hazard. Others receiving special attention included herbi-
cide, disease and insect resistance, loss of diversity and
potential contamination of gene banks.

 Assessments of gene transfer of specific transgenes, i
particular species, in selectgeographic settings, were rec-
ommended. Suchassessmentswill requireseveralyears of
experiments.

Part III - safeguarcs

Society may derivethe benefits of geneticengineering,includ-
ing some that carry high risks, by implementing a variety of
techniques for managing hazards associated with gene trans-
fer. Suchtransferis likely in developmentalscalefieldtrials or
after commercialization. Experiments on pollen dispersal,
which have been carried out over the last few decades. as well
as experience developing purebred seedlines, offer strategies
for monitoring gene transfer.

Keith Downey noted trek,in Canada, the currentregulations
for small plot testing of transgenic brassica oilseeds appear
adequate. However, it is unclear whether such regulationscan
be easily scaled up, as trials move from isolated test blocks to
larger fields. “From our experience,” Downey says, “‘we
would recommend that each introduced gene should have its
own risk assessment and, if no hazard is identified within a
threeyear isolation testand evaluation program, the transgenic
material should be handled in the same way as we would
introduce a mutated strain into the testing and evaluation
system.”

David Astley, said that in Eurgpe, the recommended isola-
tion distance to maintain the genetic integrity of abrassica seed
productioncropis400 meters. An experiment,doneunder the
aegis of the Planned Release of Selectedand Modified Organ-
isms (PROSAMO) initiative, to monitor the movement of a
known gene from genetically manipulated plants in the center
of a 1 hectare field populations of B. napus, iscurrently being
analyzed at the Centre for Plant Science Research, United
Kingdom.

However, Astley suggested that. “Larger scaleexperiments
without containmentwill present additional problems includ-
ing the security of a field area. minimization of the probability
of GMO [genetically modified organism] pollen reaching a
non-experimental hybridizable plant, unrestrained access to
pollinators and wind/freak climatological events. Isolating a
GMO experimental plot in a large, crucifer-freearea, such as
a weed-free barrier crop. with introduced bee hives, would
provide the basis for a ‘controllable’experiment.”

He added that. based on the results of conventional work
done to set and maintain seed production standards, “an
exclusion zone should extend to a radius of 400 meters. An
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General recommendations on risk assessment and codes of
practice for the release of genetically modified organisms
(GMOs) have been produced by the Organisation for Eco-
nomic Cooperation and Development, United States Depart-
ment of Agriculture and various European governments.
National advisory “watchdog” committees have the legisla-
tive brief to assess and monitor scientific programmes.

Risk assessment for the use of GMOs is divided into i) a
definition of the laboratory work in terms of the species
involved. gene identification and DNA sequence, effects on
the host phenotype and physiology, and ii) the potential for
gene transfer either within or between species. the effect of
altered combinations of genetic material on persistence of the
GMO in the environmentand its competitiveness with crops
and wild species. and consequences to other biota and the
environment.

Genetic manipulation of oilseed crucifersaims to improve
yield and quality, and toconferresistance to pestsand diseases
and insensitivity to herbicides. The final products of such
manipulation are intended for large-scale field production.
Therefore, ultimate field assessmentmust be on ascalecondu-
cive to the provision of valid scientific conclusions on the
GMO performanceand its interaction with other biota and the
environment. But the experiment must be under sufficiently
close control to guarantee the containment of the transferred
gene or novel gene combination. in the UK the PROSAMO
(PlannedRelease of Selected and Modified Organisms)initia-
tive includesaBrassica napus program focussingonii)above.

Literaturesurveys provide considerable background on the
pollination and pollinator biology, and crossability of oilseed
crucifers relevant to the transfer of genetic material from a
GMO.Oilseed crucifersare visited regularly by insectpollina-
tors irrespective of whether they are self-incompatible, obli-
gate outbreeders(B. rupu) or exhibit degrees of autogamy (B.
napus). Experimentsmonitoring the movementsof beestoand
within rape crops have shown that long distances may be
uavelled to a nectar-rich crop, but once in a crop bees forage
within a relatively small area. 10m®. tending not to cross field
boundaries to other nectar/pollen sources. Bateman (1947)
quantified the relationship in B. rapa between percentageseed
setand distancefrom the compatiblepollen sourcesas: 60%@
6m, 13%@ 24m. 6% @ 43m and 1% @ 156m. In Europethe
maximum recommended isolation distance to maintain the
integrity of a Brassica seed production cropis 400m. Complex

models on foraging behaviour of pollinators have been pro-
duced but still leave many of the points raised in a risk
assessment exercise open to interpretation. A PROSAMO
experiment to monitor the movement of a known gene from
genetically manipulated plants in the centre of a Iha field
population of B. napus is being analysed currently in the
Centre for Plant Science Research, UK.

If pollen is carried beyond the limits of the experimental
field then transfer of genetic material to non-experimental
plantsisapossibility. Crops and wild species of several genera,
includingBrassica, Sinapis, Raphanusand Eruca are potential
recipients of pollen from genetically manipulated oilseed
crops (B. napus and B. rupu). However, experimental inte-
generic hybridisations have been achieved only after numer-
ous hand pollinationsand embryorescue. Inter-specificcrosses
in Brassica exhibitdifferentlevelsof successdependingonthe
species combination. The two oilseed species are inter-fertile
producinga vigorous sesquidiploidwhichcan stabilize geneti-
cally through backcrossing 1 either parent. Qrosses with B.
oleracea asthe maternal parent are possible, but difficult with
B. rupu and extremely difficult with B. napus. However, the
degree of success in inter-specific hybridizations varies de-
pending on individual genotypes and environmental condi-
tias making open-field assessment complex. Therefore in
terms of successful chance hybridisation by GMO pollen the
crosses of highest probability will occur between other bras-
sica crops or volunteer weeds of the two oilseed species. In
practical terms the major concern must focuson intra-specific
and inter-specifichybridisation of the 2 rape species, B. napus
and B. rapa. B. rapa is a common weed in the USA and
increasingly volunteer B. napus is becoming a problem in
broad-leaf crops and field margins. Therefore planning of an
experiment will need to take account of such possibilities by
incorporating an exclusion zone for potentially inter-fertile
material.

For small-scale experiments physical containment is fea-
sible using insect-proof. gauze cages. Baes can be introduced
for pollination-monitoring experiments. Following the plant
harvest, bees could go through a relatively short quarantine
period with an artificial food source providing time for the
elimination of GMO pollen from pollen-sacs and body sur-
face. If the GMO plantsare seeded the isolation cage sitemust
be monitored for volunteer seedlings in subsequent growing
seasons.

Larger-scale experiments without physical containment
will present additional problems including the security of a
field area, minimization of the probability of GMO pollen
reaching a non-experimental hybridisable plant, unrestrained
access to pollinators and wind/freak climatological events.
Isolating a GMO experimental plot in a large, crucifer-free
area. such as a weed-free barrier crop, with introduced bee
hiveswould provide the basis fora “controllable”experiment.
Based on seed production standards such an exclusion zone
shouldextend toaradius of 400m. An ecologicalsurvey of the
exclusion zone would identify potential problems with crops,
weed speciesand bees from wild hives. The experimental site
and “exclusion zone” will require strict, routine removal of
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potential pollenrecipients,especially B. napusand B. rapa and
wild bee hives. Bees from experimental and wild hives. and
otherpollinating insectswill need to be monitored throughout
the flowering period of the GMO . Additional studies on the
possibilities of pollen transfer by solitary bees, hoverflies and
pollen beetles are recuiired.

The barrier crop would limit the transfer of pollen by the
wind to non-experimental. crossable plants but would not be
effective against the disseminationof plants by freak weather
such as hurricanes/tornadoes. Very strong winds could trans-
port bees carrying GMO pollen significant distances. But
generally pollinating insects are very sensitive to changes in
atmosphericpressuresand hence not activeduring extremesof
weather. For each potential experiment site, local weather
records should provide a prediction on the probability for the
occurrence of hazardous conditions. At the completion of the
experiment, plant material should be destroyed, preferably on
site. to avoid dissemination of GMO seed, and the test site
monitored subsequentlyfor volunteer plants. Suchan isolated
site could pose security problems.

Both oilseed species are successful weeds. In Europe
volunteer B. napus is becoming increasingly persistent in
other broadleaf crops and roadside verges. It is difficult to
predict how the transfer of herbicide insensitivity or disease
resistance froma GMO to a weed population would affectthe
persistence or competitivenessof that population. In Canada
weedy B. rapa populations which developed maternally in-
herited insensitivity to atrazine did not spread beyond their
original area in 5 years. Insensitivity to atrazine was trans-
ferred to cultivars of B. rapa and B. napus using conventional
breeding techniques. However, insensitivity to herbicides
based on nuclear genes. and thereby transfenable through
pollen, would have a greater potential for spread.

The evolution of cross-resistance to herbicides in some
weed speciesis causing concern. In considering the possibili-
ties of controlling volunteer weeds, research workers should
screenany new GMOwith herbicides. Markedsusceptibilities
can be recorded for future use against any volunteer plants.
Commercial companies are developing cultivars of the same
crop with insensitivity to different herbicides which in the
long-term could lead to weed populations with a multiplicity
of resistances.

In the transfer of a desired trait into a target genotype there
isno guaranteethatalinked undesirablecharacteristic may not
also be transferred. The unwanted gene may prove difficultto
eliminate. One of the points made by the Royal Commission
on the release of GMOs to the environment in the UK is that
a viable genetic resource sample of the unmodified cultivar
should be placed in long-term storage as a security measure.
If necessary, it would be possible to return to the original
genotype from the collection.

Genetic resources conservationists are becoming increas-
ingly interested in the collection, conservation and utilisation
of wild and weed species. The unwitting transfer of a gene or
novel gene combination to a wild/weed taxon could lead to
that material being collected and entered into a generic re-
sources collection.

12

Provided that genetic resource management practices de-
signed to maintain accession integrity during seed regenera-
tion were observed. further dissemination of the gene within
the collection would be avoided totally. In-house
characterisation of the accession would offer the possibility of
gene transfer within the collection and to local crops and
weeds. But the majorconcern would bethe global distribution
of a GMO-contaminated accession to research worke